Introduction
Thrombin, as a major player in thrombogenesis, has been found to affect brain cells via receptor activation, both in normal development and function of the cerebrum, as well as in major cerebral diseases [1] . The role of thrombin generation levels and activity in acute ischemic stroke has been actively researched. Clear associations have been found between this coagulation factor and the severity of cerebral infarction [2] . On a more positive note, the proven neurovascular injury and high ischemic stroke risk caused by increased levels of thrombin led to it being considered as a therapeutic target. Experimental studies have concluded that pretreatment with dabigatran, a direct thrombin inhibitor, alleviates the pro-inflammatory thrombin-induced tissue alteration and reduces blood-brain barrier leakage. The overall effect of dabigatran administration prior to ischemic stroke is the reduction in size of the infarcted aria, lack of increase in intracranial hypertension and a more favorable recovery of neurologic deficits [3] . Further data on the association between thrombin generation parameters, cardiovascular risk factors and cerebral infarction would lead to a more effective clinical and therapeutic approach of these pathological conditions.
Relevant scientific articles have been selected for this current minireview from several medical data bases, namely Medscape, PubMed, Web of Science, covering a time span of publication from 2003 up to 2018, and having as keyword: "thrombin" and "stroke".
The aim of this paper is to summarize and highlight the involvement of thrombin and it's activity in the main pathological processes involving the CNS, especially in acute and repetitive ischemic stroke. Thus, the importance of evaluating the generation, activity and levels of thrombin can be brought into focus for implementing future prevention and therapeutic solutions.
Thrombin involvement in physiological and pathological activity mechanisms of the central nervous system (CNS)
Thrombin is a coagulation factor belonging to the chymotrypsin serine proteases family. It has a central role in hemostasis, by mediating the conversion of fibrinogen into fibrin; thrombin is the activated derivative of prothrombin, being generated in the coagulation cascade by the combined actions of factors V and X, in the presence of ionized calcium (Ca2+) [4] .
Recent studies have proved that prothrombin, along with thrombin, have been found locally in the central nervous system [5] . Notably, the central nervous system is the only site of thrombin expression, besides the liver [6] . In neurons and astrocytes, the expression of prothrombin has been proven by mRNA quantification.
Physiologically, prothrombin and thrombin influence neural development, protection and regeneration, thrombin being a relatively strong regulating factor of brain function [7] .
The involvement of these two coagulation compounds in neurological diseases such as cerebral stroke, brain hemorrhage and trauma, epilepsy, Alzheimer's disease, multiple sclerosis and cerebral tumors is beginning to emerge [5] .
In elevated quantities, thrombin is directly neurotoxic and promotes inflammation in endothelial cells, microglia and astrocytes. At least some of the cerebrovascular effects of hypoxia are mediated through thrombin [8] . In vitro, high levels of thrombin cause neuronal death, and in vivo, they contribute to blood-brain barrier alteration, brain edema and the initiation of seizures [9] .
Thrombin-mediated effects in acute ischemic stroke
Cerebral infarction, regardless of its etiology, causes a central focal lesion of neuronal necrosis -the ischemic core, surrounded by an area of low blood perfusion -the ischemic penumbra. Thrombin is involved in stroke pathology via multiple pathways, including direct cellular toxicity, vascular disruption, oxidative stress and inflammatory response [10] .
Increased thrombin activity and concentration are detrimental to neuronal health. Low levels of thrombin activity and concentration promote brain tissue viability, synaptic plasticity and have protective effects against excitotoxic detrimental factors [11] .
During the acute phase of cerebral infarction, synaptic plasticity is altered through the activation of the excitatory N-Methyl-D-Aspartate receptors (NMDAR), which induces ischemic long-term potentiation of synaptic transmission. Experimental studies have proven that thrombin, by activating its own Protease-Activated receptor 1 (PAR1), mediates the same process of longterm potentiation of synaptic transmission. Furthermore, inhibition of thrombin or its receptor ceased the ischemic long-term potentiation of synaptic transmission and replaced it with the physiological functioning of interneuronal signaling [12] .
Experimental studies in rats showed that thrombin increases the generation of mitochondrial and cytosolic reactive oxygen species, promotes nitric oxide generation and disrupts the tight junctions of the brain microvascular endothelial cells. Altogether, this mechanism underlines the blood-brain barrier dysfunction caused by thrombin [13] .
The cumulus of this data proves that the high levels of thrombin activity and concentration during the acute stages of ischemic stroke contribute to the neurovascular injury. Thrombin generation via contact activation pathway is a proven risk factor for ischemic stroke [14] .
Thrombin as a valuable therapeutic target in preventing and treating cerebral infarction
Given the large number of studies proving the involvement of thrombin generation and activity in the pathogenesis of ischemic stroke, this coagulation factor could potentially become a therapeutic target in preventing and treating cerebral infarction, and in reducing the magnitude of residual neurologic deficit following stroke.
Approximately one third of ischemic strokes are correlated with the atherosclerosis of the cervical portion of the carotid arteries. The pathway can be either embolization from parietal atherosclerotic lesions, or decreased blood flow due to local thrombosis or vascular stenosis [15] . Increased thrombin activity is correlated with atherosclerotic plaque development and instability. In turn, the increased local inflammatory activity further promotes thrombin generation, leading to pro-thrombotic alterations of the blood and of the carotid wall [16] .
Atrial fibrillation is one of the most important risk factors for ischemic stroke. In such cases, anticoagulation mainly by using coumarin medication, is a common way of reducing cerebral infarction [17] . Thrombin inhibitors with direct action, such as dabigatran etexilate, an orally prescribed anticoagulant, significantly decrease the risk of ischemic stroke in patients with atrial fibrillation, as opposed to less efficient formerly used anticoagulants. It also reduces the risk of major bleeding [18] . Two other newly developed, available and orally prescribed anticoagulants are rivaroxaban and apixaban which act as factor X inhibitors. Although the new oral anticoagulants (NOACs) have a safer profile than previous similar drugs when it comes to bleeding risk, there are two main challenges faced while prescribing them. Firstly, the association of NOACs with amiodarone, an antiarrhythmic drug widely prescribed for patients with atrial fibrillation, significantly increases the risk of bleeding in these patients. Secondly, out of the three NOACs, dabigatran, the direct inhibitor of thrombin, is the only one which has a specific antidote in case of overdosing, the monoclonal antibody idarucizumab. The availability of this antidote is currently limited due to it being expensive to manufacture and purchase [19] .
Recombinant tissue plasminogen activator (rTPA) is the first choice in treating selected patients affected by ischemic stroke. It has been proven to induce a notable reduction of thrombin generation after 24 hours following the initiation of the treatment [20] .
To reduce the risk of recurrent stroke, acetylsalycilic acid is the most commonly used platelet antiaggregant. It is given to patients with embolic cerebral infarction of undetermined source. Clinical trials are being conducted to assess whether the oral inhibitor of thrombin, dabigatran etexilate, is more efficient than acetylsalycilic acid in preventing future ischemic strokes [21] .
Thrombin involvement in hemorrhagic stroke
Thrombin also plays an emerging role in the physiopathology of hemorrhagic stroke. High levels of thrombin were found to take part in the development of brain edema in intracerebral hemorrhage [22] . Furthermore, thrombin is involved in seizure activity in hemorrhagic stroke, by increasing neuronal excitability as soon as it enters the brain tissue. This is particularly prominent in the immature brain of newborns. In these cases, thrombin alters the resting membrane potential by amplifying the current through voltage-gated sodium channels [11] .
Conclusion
By reviewing the physiological implications of thrombin within central nervous system (CNS), this coagulation factor proves to be a newly emerging key factor in brain function, regulation and inter-neuronal signaling. Pathologically, it is involved in prominent cerebral diseases such as ischemic stroke, brain trauma, seizure activity and blood-brain barrier dysfunction. The main positive outcome of these findings is the possibility of targeting thrombin for preventing, curing and limiting the impact of cerebrovascular diseases on general health. This would be important concerning the population groups with risk factors such as atrial fibrillation, hypertension, carotid atherosclerosis, thrombophilia, diabetes, hyperlipidemia and procoagulant states. In this matter, further research on the correlation between thrombin levels, generation and activity and the risk and recurrence of ischemic cerebral stroke is fundamental. The result would be an optimized, practical prophylactic and therapeutic approach in patients with ischemic stroke.
